Biomechanical evaluation of articulations and isokinetic rehabilitation of patient with musculosceletal disorders by Slobodan Kuvalja
PERIODICUM BIOLOGORUM UDC 57:61 
VOL. 117, No 1, 109–118, 2015 CODEN PDBIAD 
 ISSN 0031-5362
 
Biomechanical evaluation of articulations  
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IntroductIon
Diseases of musculoskeletal system are becoming an ever greater public health issue. According to some recent statistical data, 20% 
of European population (100 million people) suffer from musculoskel-
etal pain which is the cause of 50% of all sick leaves and is the most 
frequent reason for disability. In the USA, symptoms of sacralgia or 
radiculopathy are established in 7-14% of working-age population dur-
ing the course of a year, and cause more than 30 days of absence from 
work in 15% of affected patients older than 50 years. According to In-
ternational Disease Classification applied in Report on the Rate of Sick 
Leaves debited to the Croatian Health Insurance Fund, musculoskeletal 
system diseases may be singled out as the leading cause of sick leaves 
(30%) in the Republic of Croatia for the January – August 2015 period. 
These diseases were in the third place, with 10% percent share, among 
the total number of diagnosed diseases and conditions in general prac-
titioners’ (GP) offices in the Republic of Croatia in 2012, after pulmo-
nary system diseases (17%) and cardiovascular diseases (11.5%). Accord-
ing to these data, 2/3 of painful conditions in GP offices are due to 
musculoskeletal diseases. In year 2013, 15% of the total amount of sick-
ness allowances were associated with musculoskeletal diseases.
Public health indicators clearly point to morbidity trends associated 
with musculoskeletal system, yet the activities proposed within the pub-
lic health system are confined to general recommendations for the need 
of increased physical activity. Much has been researched and published 
on ergonomics, particularly in industrial design of work environment, 
with the aim to reduce physical body load; unfortunately, too few med-
ical professionals are engaged in such projects, and examples of actual 
application of the gained knowledge in medical practice are even fewer. 
Behind seemingly important health-directed approach in manufacture 
of contemporary products for everyday life, the real goal is marketing 
new products or devices that indeed do free people from hard and time-
consuming physical labor; however, the free time gained is not used for 
real physical recovery and rest but mainly to achieve increased produc-
tivity and profitability of the work process in most countries, excluding 
some conscious exceptions like Scandinavian countries (1, 2).
natural laws and BIomechanIcs
Natural laws that affect the function of the human locomotor system 
have not basically changed since man stood on his feet into the upright 
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body position. If we observe only some external condi-
tions that affect movement, we should take into account 
gravitational force, body weight, body height, and our 
wish to maintain upright body position. If we think about 
movement and motion of the body or its segments with-
out considering biological and physiological characteris-
tics of a moving body, the laws of biomechanics come into 
play with relations of forces, mass and lever. From the 
aspect of mechanical engineering, the process can be 
called motion of a dynamic construction. The process 
becomes exceptionally complex when our consideration 
begins to comprise biological and physiological properties 
of body segments, dynamically inactive bone and joint 
structures and dynamically active muscular and tendon 
structures, and finally governing neurological „commu-
nication and regulating“ centers. Figuratively, human 
movement can simply be compared to unbelievably nu-
merous symphonic orchestra that must perfectly play dif-
ferent scores at any time, but also maintain and not dis-
rupt harmony (2).
Education of physicians does not include some impor-
tant papers in biomechanics any more which I consider 
the basis of all contemporary approaches and develop-
ments of sophisticated systems for locomotor system re-
habilitation.
Study of human body movement should begin with 
analysis of hypotheses of Zederbauer harmonic circle and 
the Principle of eight head canon.
By integrating these ideas, a renowned Croatian expert 
in mechanics and biomechanics prof Osman Muftić de-
veloped a synthetized approach called „Harmonic circle 
and associated grid of eight head canon“ (2).  
This shows that it is, by using a mathematical formula 
of harmonic numbers, possible to calculate anthropomet-
ric dimensions of each particular body segment.
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Based on this calculation, prof. O. Muftić elaborated 
a special table:
TaBle
Harmonic lengths of body segments. 
Arm length = 25
64
 standing height Upper arm length = 5
32
 standing height
Forearm length = 17
32
 standing height Hand length = 9
64
 standing height
Leg length = 17
32
 standing height Upper leg length = 9
32
 standing height 
Lower leg length = 7
32
 standing height Foot length = 1
8
 standing height
By associating methods and formulas for determina-
tion of segmental masses by Donski and Zacjorski to the 
above mentioned principles
mi = B0 + B1 M + B2 h, kg
we can, from the known height of a subject (either wom-
an or man) and the total mass, calculate each segmental 
mass according to the so-called external division.
All this shows that movement in the gravitational field 
of all segments and functional wholes of the locomotor 
system of each individual has its own personal mathemat-
ical and biomechanical algorithm, which has been docu-
mented in many articles on kinetics and kinematics of 
human body movement.Harmonic circle and associated grid of eight head cannon
Harmonic circle
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Degrees of freedom in body movement (O.M) Planar biomechanical model of human motion (O.M)
If we switch from theoretical to clinical approach to 
the problem of „rehabilitation“ (reversion to previous con-
dition) of the locomotor system segments that ensure the 
posture and motion of entire body and its parts, we should 
ask ourselves how we can begin to determine the degree 
of function disturbance in an individual. Which members 
of the „orchestra“ are, and to what degree, deficient in 
function with regard to age, sex, weight, height and needs 
in an individual that has now already turned a patient? 
Another important question is how much the knowledge 
gained in human kinetics and kinematics is applied in 
education of physicians and in clinical practice and treat-
ment?
microtraumatic articular injuries as the 
major reason for development of 
lesions of articular structures
It is pivotal in each rehabilitation process to establish 
the cause and degree of lesion or dysfunction and, based 
on objective analyses of condition, set up the goal and 
program of recovery of determined disorders.
A widely accepted attitude today is that microtrau-
matic injuries are the main unrecognized cause of the 
lesions of articular structures. The most common cause of 
microtraumatic articular injuries are disrupted static and 
dynamic relations that occur due to the loss of muscular 
strength and to disbalance in muscular strength relations 
in kinematic chain. Serious external injuries or postop-
erative conditions in the locomotor system segments have 
long been a known cause of dysfunction.
Disorders in muscle and joint function without exter-
nal lesions and possible surgical procedures are due to ever 
lower physical activity caused by changes in lifestyle, to 
development of technologies that eliminate the need for 
physical labor, to increased number and extent of jobs that 
involve prolonged sitting, and to increased life expec-
tancy (3, 4, 5).
Although this may seem a dark prediction of civiliza-
tion development, we should be aware that the live body 
is keen to repair damages that have occurred in any organ, 
including the locomotor system, if we remove main ob-
stacles that hinder restoration to health.
If – with regard to gravity – the locomotor system is 
divided into active, dynamic segment, i.e. muscles, and 
relatively adynamic segment, i.e. joints and articular 
structures, then muscles occur with their physiological 
characteristics as the major cause of development of the 
problem, but also as a potential key solution. In this re-
spect, we should remind ourselves of a few important 
characteristics of the muscle. Each muscle maintains or 
increases its strength or ability to gain force in proportion 
to actual active work, i. e. it loses strength at rest. A sports-
man’s muscle may lose during immobilization up to 3% 
of strength daily. At the same time, a muscle has a „mem-
ory“ and loses strength due to absence of activity, which 
results in articular system overload and reduced ability for 
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movement and thus leads into a negative vicious circle of 
ever lesser mobility and damage progression.
Still, existence of the „memory“ allows a possibility of 
regaining the strength of a healthy muscle by precise and 
optimal program of age-adequate exercises, of eliminating 
factors of overloading, and of maintaining optimum joint 
function (6, 7).
The ideas above have made room for significantly more 
effective rehabilitation after objective diagnostics of mus-
cle and joint function and optimized program of muscu-
lar exercises performed to establish correct strength rela-
tions in each segment of the locomotor system (4-8).
Isokinetics as part of the clinical 
program of rehabilitation
By the end of the 1960’s, the ideas above resulted in 
development of sophisticated isokinetic dynamometers 
and systems for precise analysis of the labor and rehabili-
tation of muscles and joints through active movement (4, 
8), Fig. 1. The basis of isokinetic movement is joint mo-
tion at constant rate through a full range of movements, 
with development of maximum muscle strength and ad-
aptation of resistance in proportion to current muscular 
potential (8).
Figure 1. First isokinetic diagnostic system Cybex 1 from year 1967.
The major component of modern isokinetic system is 
a precise dynamometer that allows isokinetic muscular 
contraction or joint motion at constant, predetermined 
rate, with rapid adaptation of resistance to thrust force by 
using the entire range of muscle and joint movements 
(Figures 2, 3, 4). Movement velocities that may be 
achieved on modern dynamometers in concentric muscle 
contraction are approximately 500°/sec depending on the 
program selected and patient’s capability. At the same 
time, dynamometers measure rotational moment of force 
and adjust resistance at every 0.04° of the volume of move-
ment (8).
Figure 2. Isotonic movement – invariable resistance.
Figure 3. Isokinetic movement– adjusted resistance.
Figure 4. Illustration of the adaptation of resistance to pain during 
isokinetic movement in the joint and muscle.
Another important component of the device is com-
puter system with special software for rapid measurement 
of motion parameters and graphical and mathematical 
processing and analyses, and a display with measured test 
parameters.
Figure 5. The most recent isokinetic system HUMAC NORM-
Cybex.
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Figure 6. Modul Cybex for the spine.
Analyses of data obtained in tests are an extremely 
important segment of the entire examination procedure. 
Results of measured parameters are calculated in analyses 
according to tables with tje expected values elaborated 
for each kinematic unit and kinematic chain (knee, hip, 
ankle joint, shoulder, spine...) and defined for a person 
under observation according to age, gender, body weight, 
frequency of exercises and dominant side of the observed 
individual. Present isokinetic systems allow movement 
to be realized – according to patient’s needs and thera-
pist’s wishes – in isokinetic, concentric-concentric, con-
centric-excentric, excentric-concentric, isotonic, and 
isometric muscle contraction. In therapy with particu-
larly low muscle strength, it is also possible to use a pro-
gram of robotized movement support by monitoring 
actual muscle strength and its change using the CPM 
program (Continuous Passive Motion), which is a re-
markable advantage in rehabilitation of neurological 
patients. Current isokinetic systems also allow special 
programs of proprioreception exercises and motion con-
trol (4, 5, 8, 9), Figures 5, 6.
Indications, testing programs, analyses of results and 
the program of isokinetic exercises must be designed by a 
trained physician and carried out by trained therapists. 
Such approach to organization has shown to be most suc-
cessful during our 19 years of daily practice in over 
Figure 7. Results of hip tests in patients with normal X-ray findings, hip and lumbosacral spine pain, and pronounced strength loss due to long-
term sitting.
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Figure 8. Test of lumbosacral spine performed in the same patient as above, with symptoms of LS SY (normal MR finding) due to considerable 
loss in extensor strength.
110,000 performed isokinetic diagnostic testings of all 
body segments and approximately 4,000 isokinetic treat-
ments of our patients yearly (10).
During rehabilitation, it is necessary to ensure objec-
tive monitoring of the effect of recovery and adjustment 
of parameters according to stated body characteristics, 
with synchronization of all members of the „orchestra“ 
according to the biomechanical algorithm of an indi-
vidual. In this regard, it should be taken into consider-
ation that temporary adaptational and compensatory 
adjustments to the pathological status of the whole kine-
matic chain occur due to specific dysfunction of a body 
segment, and that adjoining kinematic chain segments 
should be examined regardless of the absence of pain in 
them in order to carry out corrections of established de-
viations (11).
During diagnostic examination, a physician should 
compare possible results of X-ray, MR, CT or ultrasound 
testing. It is important to emphasize that these results 
often do not provide evidence of serious tissue changes, 
while at the same time very serious deviations and disor-
ders may be confirmed by isokinetic tests. This phenom-
enon is more common in young patients. Possible expla-
nation for this discrepancy between symptomatology and 
relatively insignificant changes established by, e. g., MR 
or CT, is that a period of prolonged function disturbance 
precedes the occurrence of tissue damage that can be de-
tected by those techniques; such function disturbance 
reaches the degree of change that is observable by those 
Figure 9. Relations between hip flexor – extensor strengths 
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techniques only after prolonged adverse impact (Figures 
7, 8).
In-house studies at Cybex Center (dr. S. Kuvalja and 
prof. O. Muftić) on patients with LS syndrome included 
tests involving kinematic column: thoracolumbar spine, 
hips, knees and lower legs, and revealed the highest defi-
ciencies and disbalance in muscle strength relations be-
tween hip flexors and extensors (over 30%), while defi-
ciencies and disbalance in strength relations of extensors 
and flexors of the thoracolumbar spine amounted to 15% 
(Figures 9, 10, 11). The loss in hip flexor strength showed 
to be the major cause of the occurrence of dysfunction of 
the spinal lumbosacral segment due to their impact on 
pelvic statics (12, 13).
tor shifts in the hip joint during such disorder in relations 
of agonist and antagonist forces, we concluded that a shift 
in the femoral head toward the anterior segment of the 
acetabulum occurs because of weak flexor force in ortho-
static position. This exponentially increases the pressure 
force to the anterior segment of the acetabulum and leads 
to osteochondral changes in the acetabulum presenting 
as osteoarthritis that may subsequently be also verified by 
X-ray changes in the acetabulum (Figure 12) (14, 15).
The established increased disbalance between hip ex-
tensor and flexor strengths of over 30% in favor of exten-
sor strength and a present, yet two-fold (15%) lesser, dis-
balance in relations between flexor and extensor strengths 
of thoracolumbar spine muscles in favor of flexors during 
painful spine conditions directed us to the logical conclu-
sion that such statico-dynamic relations typically lead to 
altered pelvis position and lumbosacral junction. These 
alterations are accompanied by decreased lumbosacral 
angle and exponential load increase in the area of terminal 
lumbar articular segments, with consequent degenerative 
changes in intervertebral joint elements. Based on these 
assumptions, we introduced in year 2000 a new algorithm 
of isokinetic therapy procedures for painful conditions 
related to the lumbosacral spine. Earlier isokinetic prac-
tice for such conditions had included tests and exercises 
only for the spinal segment, and in 2000 we introduced 
mandatory diagnostics of muscles and joints of the tho-
racolumbar spine, hips, knees and lower legs. Based on 
test results, we began with correcting the established de-
ficiencies and disbalance in knees, hips and lower legs, 
while therapy program for the thoracolumbar spine was 
also started after stabilization of leg segments. This re-
sulted in surprisingly rapid and long-term patient recovery 
with remission periods between 2 and 7 years. In cur-
rently already a large number of treated patients, our ex-
perience showed that it is necessary to repeat control tests 
and therapy after 1.5 to 2 years and thus ensure long-
standing satisfactory functioning of the system.
The possibility of mathematical detection of the risk 
of articular damage using isokinetic tests undoubtedly 
warrants preventive application of isokinetic testing with 
the aim of early detection of initial changes and risks of 
Figure 10. Impact of relations of hip flexor – extensor strengths on 
pelvis position.
Figure 11. The levels and disbalance of hip and 
spine flexor and extensor strengths in lumbosacral 
syndrome, established by isokinetic tests.
Figure 12. Illustration of a shift in load force vectors in the acetabu-
lum at predominance of hip flexor force.
Based on further analyses of results in this study, we 
concluded that prominent decline in flexor and extensor 
strength is present in most cases during development of 
hip osteoarthritis, with considerably higher loss in flexor 
strength and consequent 30% predominance of extensors 
over flexors. Using mathematical simulations of force vec-
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serious articular damage like osteoarthritis of hips, knees, 
development of lumbosacral or cervicobrachial syndrome 
and other possible degenerative joint lesions (16, 17).
Isokinetics in postoperative and 
posttraumatic rehabilitation
Introduction of isokinetic diagnostics in postoperative 
or posttraumatic rehabilitation showed the usual reha-
bilitation procedure for these conditions to be insufficient 
for achievement of the actually possible degree of muscle 
and joint recovery and ultimately of normal movement. 
The main reason for this can be recognized in insufficient 
knowledge of fundamental biomechanical characteristics 
of a patient and unjustifiably reduced participation of ki-
nesitherapy in rehabilitation algorithm at the expense of 
electrotherapy. Obviously, there is a wrong assumption 
that muscle strength and articular function will recover 
only through personal activity of a patient after physical 
therapy. According to our experience, this assumption is 
the key mistake in predictions of complete recovery. The 
truth of this could probably not have been established 
until introduction of isokinetic tests because of lack of 
possibilities to objectively assess the attained degree of 
recovery of the muscle and joint function.
In everyday management of such patients, we have 
observed that, considering only the component of muscle 
strength, about 30 – 40% of the necessary muscle strength 
level can be achieved by applying usual procedures. Young 
patients sometimes manage to acquire up to 60% of the 
necessary strength by intense months-long exercising in 
fitness clubs. However, there still remains an open and 
very important question of the right proportion of agonist 
and antagonist strengths in each joint and of adjusted 
strength flow in kinematic chain (e.g. of legs from hips to 
the ankle joint). Considering the immediate postoperative 
or posttraumatic period on the short-term basis, any type 
of rehabilitation will improve the condition of every pa-
tient, lessen the pain and allow acceptable functioning. 
Patients often understand such condition as the only pos-
sible one, and this view is also probably shared by their 
general practititoner. From a long-term view, such patient 
becomes a potential candidate for chronic lesions due to 
disrupted statico-dynamical relations, and is heading for 
early disability, reduced work capacity, and eventually to 
the loss of mobility and quality of life (18, 19).
Objective diagnostics, targeted isokinetic procedure 
and monitoring of its results ensure several-fold faster and 
correct treatment result maintanable for years, as well as 
prevention of subsequent appearance of degenerative 
changes. It is particularly important to mention signifi-
cantly shortened time of recovery of the muscle and joint 
function (Figures 12,13).
Comparison test of recovery of the knee muscle strengths in grade 4 Chondromalacia after 25 isokinetic treatments
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Figure 13. Comparison of muscle strength increase in 
knee osteoarthritis: subject group: isokinetic procedure: 
control group: standard procedure.
Comparison of results of the standard rehabilitation 
procedure for knee osteoarthritis and results achieved by 
applying our protocols of isokinetic procedure for muscle 
strength recovery and joint unloading revealed 3-5-fold 
faster progression (a study by dr. Katarina Lohman, 
SBMR VT) (Figures 14, 15).
Figure 14. Comparison of muscle performance increase 
in knee osteoarthritis: subject group: isokinetic proce-
dure; control group: standard procedure.
Figure 15. Daily presentation of the knee muscle strength recovery 
in the same patient.
conclusIon
Considering the possibility of early detection of disor-
ders in the joint biomechanical parameters that lead to 
articular degenerative lesions, the possibility of precise 
and rapid elimination of causes and somewhat holistic 
covering of the problem, proper and professional applica-
tion of isokinetic therapy can significantly reduce the 
need for aggressive surgical procedures, considerably di-
minish the development of serious degenerative joint and 
locomotor system lesions, preserve mobility and quality 
of life, and substantially reduce the cost of treating such 
diseases.
Isokinetic tests should be components of every diag-
nostic procedure before and during rehabilitation, just as 
ergometrics today is a constituent of every major cardio-
logical management of a patient. Based on isokinetic test-
ing, rehabilitation process could be personalized, pre-
cisely programmed and guided, treatment procedure 
could be significantly shortened and remission prolonged 
to several years with concurrent significant reduction in 
treatment and sick leave expenses (20, 21).
The greatest advantages and savings in health care will 
be realized in the future by introducing isokinetic testings 
as a method of preventing development of bone and mus-
cle illnesses in working population by applying targeted 
preventive testing programs for workers employed on 
both physical jobs and jobs that involve everyday sitting.
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